Background: This study aims to confirm whether an increase in the number of elderly people and a worsening in the auto-evaluation of the general health state and in the limitation of daily activities result in increases in the offered services (beds in residential LTC facilities), in the social and healthcare expenditure and, consequently, in the percentage of LTC users Methods: This study used a pooled, cross-sectional, time series design focusing on 28 European countries from 2004 to 2015. The indicators considered are: population aged 65 years and older; selfperceived health (bad and very bad) and long-standing limitations in usual activities; social protection benefits (cash and kind); LTC beds in institutions; LTC recipients at home and in institutions; healthcare expenditures and were obtained from the Organization for Economic Co-operation and Development and Eurostat. Results: The proportion of elderly people increased, and conversely, the percentage of subjects who had a self-perceived bad or very bad health decreased. Moreover, there was an orientation to reduce the share of elderly people who received LTC services and to focus on the most serious cases. Finally, the combination of formal care at home and in institutions resulted in most Member States shifting from institutional care to home care services. Conclusions: Demographic, societal, health changes could considerably affect LTC needs and services, resulting in higher LTC related costs. Thus, knowledge of LTC expenditures and the demand for services could be useful for healthcare decision makers.
Introduction

L
ong-term care (LTC) is the personal care for people that need support in many facets of life over a prolonged period of time. LTC services provide assistance for the so-called activities of daily living (ADL), such as eating, bathing and dressing. Long-term care can be performed at home or in institutions and the community. 1, 2 Demand for LTC is highly age-related, and elderly people are not the only target group. Less than 1% of those younger than 65 use LTC, while after the age of 65, the probability of LTC use rapidly increases.
The share of the population aged 65 years and older has increased in all OECD (Organization for Economic Co-operation and Development) countries since 1960 and is expected to continue in future decades. This trend is due to increased life expectancies for ages 65 and older and declining fertility rates. 3 This demographic trend may lead to new patterns of growing morbidity among the elderly. This indicates an increase in degenerative and chronic diseases, which are often associated with functional restrictions and disability. However, the direction of the trends of disability among elderly people provides diverging results. 3 In particular, if there is a lengthening of lifetime without good health, then the disability trend reflects the 'pure' demographic scenario. 4 Conversely, considering the 'healthy ageing' hypothesis, these demographic transformations could be mitigated. 4 However, despite the longevity of the ageing population, the OECD proposes that the 'oldest old' people will tend to grow faster, thereby resulting in an increase in severe disabilities. 3 Across the OECD, the proportion of those aged 80 years and over is expected to increase from 4% in 2010 to nearly 10% in 2050. 5 In addition, declining family size, changes in residential patterns of people with disabilities and the increase in female participation in the labour market could reduce the availability of family caregivers. 2, 6 These demographic and societal changes considerably affect longterm care needs and LTC services and lead to higher LTC related costs. 2 Total LTC spending is calculated as the sum of health care and social services. Health-related LTC spending consists of health and personal care services, palliative care and long-term nursing care. The social component includes home help and care assistance, residential care services, and other social services. 4 On average, OECD countries allocated 1.5% of their Gross Domestic Product (GDP) to LTC in 2008, with a range from less than 0.5% (e.g. Portugal, Hungary) to more than 2% (e.g. the Netherlands, Sweden, Denmark and Norway). 2 Moreover, according to OECD estimation, long-term care expenditure is set to double or even triple between now and 2050. 5 On the basis of these premises, the aim of this study was to confirm if an increase in the number of elderly people and a worsening in the auto-evaluation of the general health state and in the limitation of daily activities result in increases in the offered services (beds in residential LTC facilities), in the social and healthcare expenditure and, consequently, in the percentage of LTC users.
Methods
This study used a pooled, cross-sectional, time series analysis of secondary data for 28 European countries during the period 2004-15. These countries and years were chosen based on the availability of data. The unit of analysis was each country at each year (countryyear). Countries included in the study were the following: Cyprus, Austria, Belgium, Bulgaria, Croatia, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden and the United Kingdom. We obtained official data from the Organization for Economic Co-operation and Development (OECD) and Eurostat.
In accordance with OECD and Eurostat this study used the following definition of LTC.
The term long-term care encompasses the organization and delivery of a broad range of services and assistance required by persons with a reduced degree of functional capacity, defined in terms of the inability to perform essential activities of daily living (ADLs), such as eating, bathing, moving about the house, or activities necessary to remain independent, known as instrumental activities of daily living (IADLs) such as shopping, cooking, doing laundry. This notion usually referred to services delivered over a sustained period of time, sometimes defined as lasting at least 6 months. 7 The indicators considered in the present study are shown in table 1, which illustrates the definition, source and unit of measure for each of them. All indicators were selected for elderly people (65 years and older), except the last two indicators, where age stratification was not available.
Statistical analyses
This study used a pooled, cross-sectional, time series design to assess the relationship between the dependent and independent variables over a 12-year period. A pooled, cross-sectional, time series design is one where variables for a number of different cross-sections are observed over a time span. 8 The dependent variables of the model are the indicators 4-11, while the predictors, considered separately for sample size reasons, are the indicators 1-3. Depending on the investigated variables, we excluded countries with less than two observations in the time period from the model.
We performed a fixed effects linear regression because an ordinary least squares regression does not yield proper estimates on data containing repeated measures, and the alternative (the random effects model) was found to be inappropriate for use with these data due to results obtained from performing a Hausman test. 9 A great advantage of fixed effects models is that they control for time-invariant heterogeneity among countries. Examples of factors potentially captured in the fixed effects include the following: cultural and historical patterns that shape social institution and policy systems, value systems that affect the citizens' outlook on life and illness perceptions, and factors shaping health-seeking behaviours. We also controlled for the presence of exogenous time trends in both the dependent and independent variables (i.e. time-fixed effects) by adding dummies to the model for each of the study years except for the first year. This item consists of (non-medical) social service in kind provided to person with health problems and functional limitations or impairments where the primary goal is the social and vocational rehabilitation or integration.
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The relationships between the 8 dependent and 3 independent variables were assessed separately, resulting in 24 distinct fixed effects models. This choice was driven primarily by concerns about model over-fitting and multicollinearity. The significance of each independent variable was assessed using robust standard errors due to results obtained from performing a modified Wald test for group-wise heteroskedasticity in the regression residuals. 10 For all analyses, the significance level was established at P < 0.05 and list-wise deletion was used. All data were analysed using the Stata software package, version 13 (StataCorp. 2013, Stata Statistical Software: Release 13; StataCorp LP, College Station, TX, USA).
Results
In all of the 28 European Countries the proportion of individuals aged 65 years and older increased, and the results were confirmed in the fixed effects regression model (b = 0.25; P < 0.001; 95% CI = 0.24, 0.27) (Supplementary file S1). However, there are countries, such as Italy and Germany, where the proportion of elderly people was higher than 20%, as well as other countries, such as Cyprus, Ireland and Slovakia, where this proportion did not exceed 15% during the 12-year period.
Conversely, there was a reduction in perceived health needs (Supplementary file S2). More precisely, the percentage of subjects with self-perceived bad or very bad health was decreased (b = -0.73; P < 0.001; 95% CI = -0.84, -0.62). The percentage of elderly people self-perceiving as having bad or very bad health was always under 20% in Northern Europe and higher than 20% in most of the Eastern European countries. In the past decade, the percentage of patients with perceived limitations important for daily activities did not decrease or increase homogeneously among European countries (b = 0.16; P = 0.142; 95% CI = -0.05, 0.37). The results show an increase in Italy and a decrease in the Czech Republic and Ireland during 2005-15. Estonia, Latvia, Lithuania, Romania, Slovakia had percentages that were always higher than 60%. Table 2 shows the results of the regression analysis regarding the effect of the elderly share, the percentage of self-perceived bad and very bad health and self-perceived limitations on health care expenditures, social protection benefits, availability of beds and LTC recipients in the institution or at home. The percentage of the ageing population was associated with the number of beds in residential LTC facilities (-6.42 per 1000 inhabitants), LTC recipients in institutions (-0.66 per 100 inhabitants) and health expenditure on social services (+50.36 Euros per capita). In addition, self-perceived bad or very bad health was significantly associated only with health expenditure on LT nursing care (+7.70 Euros per capita). Figure 1A shows that, despite exceptions such as Estonia, Luxembourg and Spain, the number of beds/1000 in LTC facilities either stayed constant or decreased. The numbers of beds in LTC facilities were at or above 50/1000 inhabitants in most advanced countries (Belgium, Denmark, Finland, Ireland, Luxembourg, Netherlands, Sweden and UK), while in Italy, Latvia and Poland, the value was under 25 beds during the 12-year period. Figure 1B shows that LTC recipients increased only in Belgium and Luxembourg. During the 12-year period, the lowest percentages of LTC recipients ( 2.5%) were observed in Poland and Portugal, and the highest (!7.5%) was in Belgium.
As previously described, the availability of beds and the number of LTC users in non-hospital facilities were negatively associated with the proportion of population aged 65 years and older: with to a 1% increase in the proportion of the elderly people, the number of LTC beds decreased by 6.4 units per 1000 inhabitants, and the number of LTC users decreased by 0.7%. Thus, in countries with a younger population, these two indicators were higher.
Another significant achievement concerns the association between the demographic structure of the population and healthcare costs for LTC social services (table 2, figure 2A) . For a 1% increase in the percentage of elderly, the spending increased to 50.4 Euros per capita. These expenditures vary widely among countries in the study: increasing and high (>400 Euros per capita) in Scandinavian countries, Table 2 Regression analysis regarding the effect of the elderly share and the % self-perceived health and limitations on offered services (beds in residential LTC facilities), on social and healthcare expenditure, and on the percentage of LTC users Notes: Robust standard errors are given in parentheses under the coefficients, and P-values are given in parentheses under the F-statistics of time effect. The coefficients with an asterisk (Ã) are significant at the 5% level.
medium and unvaried in the Netherlands and very little ( 200 Euros per capita) elsewhere during the examined years. Health care expenditure on LTC nursing care, albeit with large differences among countries, has increased in recent years, while the perceived needs of the population have declined. Despite these trends, a significant association between self-perceived health and spending on nursing LTC services was also found (table 2, figure 2B ): a 1% increase in the share of people with a selfperceived bad or very bad state of health corresponds to an average increase in spending of 7.7 Euros per capita. The average values of expenditure on LTC nursing care were >400 Euros in Austria, Belgium, Denmark, Luxembourg and Netherland and 200 Euros in France, Finland, Sweden and Spain during the 12-year period.
Discussion
In our study, we evaluated the trend in the share of population aged 65 years and older. This selection is due to a demand for highly age-related LTC services. Indeed, data of other studies reported that less than 1% of those younger than 65 years use LTC, while after the age of 65, the percentage of LTC use rapidly increases. 11 However, the 'pure' demographic trend could be not as reliable as a single demand indicator that does not consider the healthy ageing of the elderly population. 12 Indeed, we included two other indicators: self-perceived health as bad and very bad, and selfperceived long-standing limitations as some or severe. These indicators can define, along with the demographic trend, the real LTC user population.
The aim of the study was to confirm if an increase in the number of elderly people and the worsening in the auto-evaluation of general health state and in the limitation of daily activities may indicate increases in the offered services (beds in residential LTC facilities), in the social and healthcare expenditure and, consequently, in the percentage of LTC users.
First, our results show that the percentage of elderly population increased in the 12-year period analysed, while the percentage of self-perceived bad health and long-standing limitations showed decreasing and constant trends, respectively. These findings demonstrate an improvement in healthy ageing.
Regarding the 65 years and older population, our findings showed that there was a negative association with the percentage of users in institutions (-0.66%). Several explanations may account for this finding.
First, data on the beds showed that the number available does not increase with the same rate as the number of potential users of LTC. The association between the ageing population and beds in residential LTC facilities is negative; consequently, the number of beds per 1000 inhabitants decreased during the period examined.
This negative association may be favoured by other factors underlined by previous studies: especially a strong willingness of the older dependents to stay at home as much as possible, [13] [14] [15] along with higher incomes and better living standards than in the past, 16 and various other factors such as technological innovation combined with new and modern forms of service delivery organization. 17 A further explanation may lie in welfare policies that have been adopted. According to Pavolini and Ranci, 18 European countries with a high level of coverage tend to concentrate services on the most serious cases. Older adults with mild disability are more likely to be treated at home, whereas severely disabled individuals continue to receive institutional LTC. 19, 20 In addition, there are reforms, such as in Sweden and UK, aimed at reducing the number of recipients in residential care facilities and simultaneously to increase the volume of help as home care per service user, which focuses on the more complex cases that require more intensive care and more hours of provided home care. This suggestion to concentrate services on the most serious cases is also confirmed by our results about expenditure on LT nursing care, which highlight that health expenditure on LT nursing care is associated with a higher percentage of people with bad or very bad health.
The percent reduction of users does not appear to be justified by the reduced prevalence of severe disability among elderly people. Indeed, OECD studies have shown different trends for disability rates among elderly people, making it impossible to reach any definitive conclusion on the direction of the trend. 3, 5, 12 Instead, the negative association with percentage of users does not appear to be related to the improvement of the perception of health. Indeed, there is not a significant reduction in the number of LTC recipients in the population with self-perceived bad health.
Our analyses highlight how an increase the elderly population decreases the percentage of beds in residential LTC facilities. These results are consistent with recent OECD data reporting a reduction in the number of LTC beds in most OECD countries. 21 This association may be justified by the political and financial problems of the OECD countries, which they have responded to with a lower growth of resources devoted to LTC. In addition, this correlation may be justified in the recently developed policies for LTC schemes that reformed their long-term care (LTC) services toward policies that support care in the home. 15, 22, 23 According to OECD studies, 2 some reforms based on supporting family care have implemented policies to help caregivers, for example, through the introduction of targeted caregiver allowances or through improved options for paid or unpaid leave for caregivers. According to Pavolini's 18 study, other reforms are related to the provision of services and have focused on the development of professional care at home by adopting workforce related measures.
Lastly, our study showed a positive correlation between the percent of the population 65 years and older and health care expenditures on social services. This item, which consists of home help or, more generally, help with the instrumental activities of daily living (such as help with home making, meals, transportation and social activities), may be an appropriate response to the cultural and social changes of the last decade in EU countries. In particular, the declining fertility rates, participation and increasing female employment rate, reinforced by the Lisbon and 2020 Strategies which aim to boost labor force activity, 24 and increase in aloneelderly household, as children of divorced parents and children living far away provide less care, have contributed to a transformation of the traditional family and suggest that family members might not be readily available to care for their relatives, 21, 25, 26 and the supply of informal caregivers may shrink. Changes in the family structure, in terms of available caregivers, may explain the move towards formal care. 6, 27, 28 This suggestion is confirmed by our results that highlight that health care expenditures on social services are high and increasing in Northern countries, where informal caregivers are traditionally limited. 29 In conclusion:
(i) our study showed that the proportion of older people is increasing in 28 EU Countries, and conversely, the percentage of subjects who have a self-perceived bad or very bad health is decreasing; (ii) an increase in the number of elderly people does not result in increases in the offered services (beds in residential LTC facilities), in the healthcare on LTC nursing care and in the percentage of LTC users in institution; (iii) there has been an orientation to reduce the share of elderly people who receive LTC services and to focus them on the most serious cases; (iv) all Member States provide benefits through home care and institutional care. The combination of formal care at home and in institutions has changed in most Member States, with a shift from institutional care to home care services.
Our study has its weaknesses. The first weakness is related to the quality of data on LTC. Evidence from OECD projects indicate problems with the current data on long-term care regarding the availability and timeliness of data, reliability of data and consistency of the hierarchy of sub-aggregates. 30, 31 Consequently, the quality of the analysis is as good as the quality of data available in international databases. For example, variables describing perceived health as bad or very bad can be affected by cultural differences and subjectivity. 32 In addition, data sources, OECD and Eurostat, have collected data from national sources that differ from country to country. Therefore, for example, beds may account different variables including various types of nursing home or facilities. However, these data have already been used in previous studies. 29, 33, 34 In addition, our analysis was performed at the country level, and countries with LTC systems with different financial and organizational factors were both considered. We did not try to mitigate this limitation by identifying patterns of LTC. In a previous exploratory study in 29 EU countries, four main patterns of LTC were found, each of which were associated with some countries. 29 Lastly, our analysis was performed at the country level only and did not disaggregate data by their socioeconomic characteristics; thus, potentially large variations within populations in access to and use of LTC services may be concealed, as well as in the autoevaluation of the general health state and limitations in daily activities.
Key points
This study showed that the proportion of older people is increasing in 28 EU Countries, and conversely, the percentage of subjects who have a self-perceived bad or very bad health is decreasing; The regression analysis shows that the percentage of the ageing population was negatively associated with the number of beds in residential LTC facilities and LTC recipients in institutions, whereas it was associated with health expenditure on social services There was an orientation to reduce the share of elderly people who received LTC services and to focus on the most serious cases. An important policy implication of the research is that Governments should become increasingly concerned with efficiency LTC but ensuring that an increase in the number of elderly people result in increases in the offered services.
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